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© A method for exposure of patterns described in 
one or several databases containing geometrical de- 
scriptions of said patterns by means of writing with a 
focussed laser light onto substrates which are pho- 
tosensitive at the wavelength of the laser light, com- 
prising the steps of 

- moving the substrate (10) during the writing 
procedure in a first direction (y) relative to a 
fixed frame (18), 

- continuously moving the optics (3) focussing 
laser light on said photosensitive surface in a 
second direction (x) essentially perpendicular 
to the first direction, 

- spreading the focussed laser light on the pho- 
tosensitive surface in the first direction (y) for 
forming an extended focus area, and 

- independently controlling the focussed laser 
light hitting more than 100 position increments 
spaced in the first direction (y) across the 
extended focus area. 




Fig. 2 
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The invention relates to a method and appara- 
tus for exposure of substrates and particularly the 
formation of patterns by laser-scanning lithography 
on large substrates such as printed circuit boards, 
artwork and masks for liquid crystal displays. 

When making a mask, a pattern is exposed in 
photo-resist on an opaque film of chromium on a 
glass substrate. In a develope-and-etch process the 
resist in the exposed areas is removed and the 
unprotected chromium is dissolved by a chromium 
etchant. The result, a glass plate with a pattern in 
opaque chromium, is used as an optical contact or 
projection mask for production of the conductor 
pattern on the glass plates of LCD display. The 
glass plates are coated with photoresist and ex- 
posed through the optical chromium mask. In this 
way highly complex patterns can be written on the 
mask and reproduced on the glass plates at an 
acceptable production cost in high volumes. 

Large-area or "flat-panel" LCD displays have 
two unusual characteristics: there is a demand for 
large sizes, at present 450 x 450 mm, in the future 
larger than 1000 x 1ooo mm, and high dimensional 
accuracy is needed. For so-called active matrix 
display with an active transistor in each image 
element, the complexity and the required accurcy 
is very high. Elements down to a size of 5 microns 
must be written and the maximum permissible geo- 
metrical errors are of the order 1 part per million 
i.e. 0,5 micron maximum error in a 500 x 500 mm 
plate. 

A further appplication of the invention is for 
direct exposure, i.e. exposure directly on the glass 
plates used in the displays without the intermediate 
step of making a mask. This is mainly of interest 
for prototypes and low-volume products. The re- 
quirements are similar, but higher writing speed is 
needed. 

Chromium masks of a smaller size, but with 
similar requirements on complexity and accuracy, 
are used by the semiconductor (IC) industry. These 
patterns are written by either scanning laser beams 
(US-PS 4,455,485), or by electron beams. The typi- 
cal exposure tool which is shown by Figure 1, has 
a stage 1 moving in the x and y directions under a 
fixed writing head 2, 3. The mowing range of the 
stage 1 is of the order of 150 by 150 mm. The 
position of the stage relative to the writing optics is 
measured by laser interferometers and corrected in 
real-time using servo motors. The pattern is written 
by so-called raster scanning, i.e. forming a regular 
grid of closely spaced pixels covering the entire 
surface. During the data preparation the geometri- 
cal shapes are converted to a pattern of intensity 
variation over the pixel grid. In the most common 
writing scheme, so-called write-on-the-fly, the stage 
1 moves mechanically (mechanical motion 4) at a 
constant speed along x under the writing head. In 
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the writing head there is a scanning (so- called 
sub-scanning) mechanism 2 that makes the beam 
5 scan in the y direction 6, and a so-called stripe 7 
is "painted" (on a substrate 10). Early laser scan- 

5 ners did not have the sub-scanning feature, but the 
speed requirements of today makes it necessary to 
form stripes 7, that are 250 - 5000 picels wide, for 
each mechanical stroke 4. When one stripe is 
finishe, the stage 1 retraces and moves by me- 

w chanical step-by-step movement 9 to the next 
stripe. Thus there is a fast continuous mechanical 
motion 4, a fast perpendicular sub-scanning 6 and 
a slow, usually stepping, mechanical movement 9 
in the same direction as the sub-scanning. 

15 Scaling a typical IC pattern generator up to the 

large size needed for flat panel masks results in a 
large and heavy machine. The position accuracy 
needed makes a solid stage design necessary; a 
non-flat stage or a stage that sags at the ends of 

20 the scanning stroke give unacceptable position er- 
rors. Furthermore, to attenuate mechanical vibra- 
tions and control the thermal expansion, materials 
of choice for the stage is massive granit and low- 
expansion ceramics. 

25 As an example a writer for 600 x 600 mm 

plates 10 would have an xy-stage consisting of an 
x stage 1 , an y stage 11, and a supporting frame 
12, would occupy an area of 1200 x 1400 mm. The 
slow movement 9 would be done by the y stage 

30 11, a slab of granit measuring 1200 x 600 x 150 
mm and weighing 250 kg. The fast mechanical 
movement is done by the x stage 1 which is 620 x 
620 x 25 mm and weighs 25 kg. The substrate 10 
alone can weigh up to 6 kg. The supporting struc- 

35 ture 12, i.e. the large block of granit on which the y 
stage moves, would have to be dimensioned solid 
enough take up the inertial forces of the moving 
masses and the whole machine would weigh of the 
order of 2000 kg. The size of the machine is an 

40 important economic parameter not only during 
manufacture and transport, but also during opera- 
tion since it has to be operated in a particle-free 
environment where the floor-space is expensive. 
Another problem with a straight-forward up-scaling 

45 is that the stage servos become slow due to the 
large masses that have to be moved. 

The problem to be solved by the invention 
claim in patent claim 1 and patent claim 24 is to 
reduce the masses of the elements to be moved 

so during generation of the pattern onto the substrate. 

The invention consists of a method for expo- 
sure of patterns described in one or several 
databases containing geometrical descriptions of 
said pattern by means of focussing laser light onto 

55 substrates which are photosensitive at the 
wavelength of the laser light, comprising the steps 
of moving substrate during the writing procedure in 
a first direction (y) relative to a fixed frame, con- 

2 
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tinuously moving the focussed laser light in a sec- 
ond direction (x) essentially perpendicular to the 
first ' direction, spreading the focussed laser light on 
the photosensitive surface in the first direction for 
forming an extended focus area, and independently 
controlling the focussed laser light hitting more 
than 100 position increments spaced in the first 
direction across the extended focus area. This con- 
trol of the individual position increments may be 
performed by a data stream created from the geo- 
metrical data contained in the database. 

Further, the invention consists of an apparatus 
for exposure of patterns, described in one or sev- 
eral databases containing geometrical data, by 
means of focussed laser light onto large substrates 
which are photosensitive to the wavelength of the 
laser light, comprising a fixed support frame; a 
stage carrying the substrate, said stage having a 
mechanical movement in a first direction on said 
fixed support frame; a guiding rail on said support 
frame; a carriage, carrying the final focussing op- 
tics, is sliding in a continuous movement in a 
second direction perpendicularly to the first direc- 
tion on said guiding rail; one or several laser sour- 
ces which may be mounted on the support frame 
together with means for launching laser beam en- 
ergy towards the carriage in a direction parallel to 
the continuous movement of the carriage in the 
second direction; spreading means for spreading 
the focussed laser light over an extended focus 
area in the direction of the stage movement in the 
first direction; and controlling means for indepen- 
dently controlling the exposure at more than 100 
position increments spaced in the first direction 
over the extended focus area. 

These features guarantee a reduced size, 
weight and power consumption of the machine. 
Because of the reduced inertia of the moving parts 
the machine can operate at higher mechanical 
speeds than a comparable conventional system. 
Smaller moving masses also reduce all mechanical 
transients, thus making the operation quiter and the 
position feedback systems faster. A secondary 
benefit is that the design is modular. The stage and 
support frame are completely independent from the 
guiding rail and the carriage. Machines for different 
writing formats can be built with identical carriages 
and with identical guiding rails and control sys- 
tems. A way to increase the writing speed is to put 
two writing heads and two rail modules on a single 
support frame. It is then possible either to use the 
two heads in parallel, or to move the stage at a 
continuous speed and let the two writing heads 
work alternatingly. In the latter case the laser power 
and the datahandling capacity of the electronics 
can be utilized 100 % of the time with no interrup- 
tions for mechanical retraces, and the continuous 
movement reduces the inertial forces further. 
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There is shown a way of reducing the size and 
weight of a laser pattern generator for particularly 
large substrates. Furthermore the moving masses 
are reduced by an order of magnitude. While a 

5 conventionally design for a writing format of 600 x 
600 is inpractically large, and would hardly be 
possible at all for the format 1000 x 1000 mm, the 
invention is readily scalable to large sizes. 

According to a preferred embodiment, the car- 

w riage can slide on air bearings on the guiding rail 
and the carriage can be driven by a linear electric 
motor. According to a further improvement a sim- 
plification of the position feedback system for solv- 
ing practical problems is obtained. In conventional 

75 systems laser interferometers measure the position 
of the stage relative to mirrors on the lens. The 
stage has long interferometer mirrors, flat to a 
fraction of a wavelength and extending over the 
movement range of the stage, i.e. typically 180 mm 

20 long for a 150 x 150 mm stage. The interferometer 
signals are compared to the desired positions by 
control electronics, and correcting signals are ap- 
plied to the servo motors. There exists a number of 
problems when this scheme is applied to a large- 

25 area writer: the mirrors are difficult to manufacture, 
the control loops are slow due to the weight of the 
stage. A further improvement is obtained by mea- 
suring the lateral position of the stage relative to 
the focussing lens and applying corrections to the 

30 position of the focussed laser light during the writ- 
ing procedure. The measurement can be done by 
laser interferometry. 

According to the improvement, the position 
feedback is not applied to the stage, but to the 

35 position of the writing beam. Small displacements 
can be created by delaying the data relative to the 
scanning movements. Alternatingly, and more suit- 
ably in some implementations, the data can be 
modified to displace the pattern according to the 

40 error information from the interferometers. 

Larger displacements are created by mechani- 
cal movement of the focussing lens. Moving the 
focussing lens is equivalent to moving the beam 
the same distance, everything else being constant. 

45 Of particular interest is to move the focussing tens 
by moving the ends of the guiding rail for correc- 
tion of positioning errors. 

A further explanation of the invention is given 
in connection with the attached drawing on which 

so FIG. 1 

shows a well-known apparatus, 
FIG. 2 

shows an embodiment of the apparatus accord- 
ing to the invention, 
55 FIG. 3a and 3b 

show a part of the embodiment in FIG. 2 in 

detail, 

FIG. 4 

3 
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shows another part of the embodiment inFIG. 2 
in detail, and 
FIG. 5a, 5b, 5c 

show schematically the arrangement of spots 
within of stripe of the pattern to be generated by 
the apparatus according to the invention. 
Figure 2 shows an embodiment of the inven- 
tion. In this embodiment, a stage 13 on which the 
substrate 10 is placed moves in only one direction 
9, the slow direction y. The writing head including 
an optical system 2 for generating stripes and 
focussing optics 3 is placed on a carriage 14 that 
slides in a continuous motion 15 along a guiding 
rail 15 along an essentially direction x. The parts 
moving with the carriage 14 are shown coloured in 
Figure 2. The support at the far end of the rail is 
omitted for visibility. This is the fast mechanical 
movement and since the carriage 14 can be built 
much lighter and more compact than the stage top 
1 (Figure 1) of a conventionally designed system, 
the inertial energy can be reduced by an order of 
magnitude. The optical system 2 generates a 
stripe, i.e. typically several hundred pixels are writ- 
ten in the y direction for each x position along the 
guiding rail 16. The light beam is generated by a 
laser 17 mounted on a fixed frame 18 and a laser 
beam 20 is expanded, collimated and launched by 
an optical system 19 in a direction parallel to the 
guiding rail 16, so that it hits pick-up optics 21 of 
the carriage 14 with unchanging lateral position, 
angle and cross-section during the movement 
along the rail. 

Figures 3a and 3b explain the expanding of the 
beam before launching it towards the carriage 14. 
A laser beam 20 of good quality has a Gaussian 
waist 61 where the diameter of the beam is at a 
minimum. At the waist 61 the wavefront 67 of the 
beam is flat, but moving a way from the waist 61 
one finds that the wavefront 60 curves. This is 
equivalent to an apparent source distance of infinity 
at the waist and at a finite distance away from the 
waist. The apparent source distance effects the 
true position of focus 62 after the focussing lens 3. 
When the carriage 14 with the final focussing lens 
3, the stripe-forming optics 2 and the beam pick-up 
optics 21 mounted on it slides along the rail 16 the 
curvature of the wavefront changes, so that the true 
focus is below the surface of the substrate 10 at 
the far end 62 of the movement range and above it 
at the near end 65. The curvature variation is deter- 
mined by the wavelength and the diameter at the 
waist 61, and with an unexpanded laser beam the 
useful range 66 is less than the mechanical stroke 
63. With the wider waist 68 (Figure 3b) produced 
after a beam expander the wavefront is everywhere 
flatter, the focus shift is smaller and the acceptable 
range 69 is larger than the mechanical stroke 63. 



The necessary size of the beam depends on 
the mechanical stroke, the wavelength and the fo- 
cal depth of the lens. At 442 nm wavelength, a 
stroke of 600 mm and a focal depth of +/- 2,5 urn 

5 a suitable 1/e 2 diameter is 3,5 mm. The 1/e 2 diam- 
eter, a commonly used measure for laser beams is 
the diameter where the intensity is 1/e 2 (= 13,53 
%) of the intensity at the center of the beam. 

A further improvement of the invention is a 

w simplification of the position feedback system. Ac- 
cording to the embodiment, shown in Figure 4, the 
position feedback is not applied to the stage 13, 
but to the control of the position of the focussing 
lens 3. Moving the lens 3 is equivalent to moving 

75 the focussed laser beam 5 the same distance, 
everything else being constant. Of particular inter- 
est is to move the focussing lens 3 by moving the 
ends of the guiding rail 16. 

Figure 4 shows in a top view of the machine 

20 how non-straight motion (exaggerated) and me- 
chanical vibrations of the stage 13 are measured 
and compensated. The distance between a retro- 
reflector 40 on the stage (the measurement arm of 
the interferometer) and another one 41 mounted on 

25 the guiding rail 16 (the reference arm) is measured 
by an interferometer 42. When the stage 13 is 
positioned for a new stripe a servo motor 44 is 
driven until the position error is within an accep- 
tance range. The remaining position error and the 

30 angle error of the stage 13, due to the non-perfect 
guiding structures 45, are calculated from the read- 
ings of the two interferometers 42 and 43. The 
errors are compensated by two mechanism: a fast 
electronic servo and a slower mechanical one. 

35 Small errors are corrected by an electronic dis- 
placement of the written data relative to the stripe, 
either by a real-time modification of the data 
stream, or in the case of stripe formation through 
subscanning by delaying the data relative to the 

40 timing of the subscan. Larger errors are corrected 
by a mechanical displacement of the beam by a 
steering mirror before the final lens or by a me- 
chanical displacement of the lens itself. Of particu- 
lar interest is the mechanical servo system of Fig- 

45 ure 4. The position of the lens 3 is affected by a 
movement of the ends of the guiding rail 16. After 
the stage 13 has positioned itself approximately at 
the position for the next stripe, the rail 16 is moved 
to the exact location and turned to the exact angle 

so by the two piezoelectric actuators 46 working 
against the force of the two stiff springs 47 moun- 
ted in the fixed frame 18. The actuators 46 are 
controlled by analogue voltages from a feed-back 
circuit 34 using the interferometer signals as input. 

55 After the feedback has settled on zero position 
error the guide is positioned at the correct position 
for next stripe 7, but vibrations and non-straight- 
ness in the rail 16 still needs to be compensated 
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for. This is done by a combination of electronic 
displacements and movements by the actuators 46. 

The accuracy of the system depends on two 
factors: first, the stiffness and lack of mechanical 
play in the air bearings 22 (Figure 2), and sec- 5 
ondly, that the rail 16 does not bend by any 
appreciable amount. Since there are no forces act- 
ing on the carriage 14 it follows any movements of 
the ends of the guiding rail 16 with a time constant 
essentially determined by the mechanical bending w 
resonance of the rail 16 and the stiffness of the air 
bearings 22. With a properly designed rail 16 it is 
satisfactory to apply the position corrections to the 
ends of the rail 16, and the movement of final lens 
(focussing lens 3) will follow the ends of the rail 16 15 
in an accurate way. 

A long mirror in the y direction which is need- 
ed in conventional systems is replaced by a retro- 
reflector 48 mounted on a ruler 49 that senses the 
edge of the stage 13. An air bearing 33 between 20 
the ruler 49 and the stage 13 makes the ruler 49 
folllow an average position of the edge without 
need to polish the edge to the surface finish of an 
interferometer mirror. As a reference mirror is a 
retroreflector 31 mounted on the assembly includ- 25 
ing the focussing optics 3. An interferometer 32 
sends timing information to the writing optics in- 
cluded by the optical system 2 (Figure 2), so that 
the data is written when the focussing lens 3 
passes the correct position. 30 

The benefit of this embodiment is again that 
smaller masses have to be moved by the control 
system. It also gives a simpler design without the 
long delicate mirrors and adds to the modularity of 
the invention, by putting the position feedback in 35 
the rail unit. The requirements on the slow stage 
are relaxed and makes it easy to modify the stage 
for special-purpose machines. 

Figures 5a, 5b, 5c explain a method by which 
the stripes 7 are generated, whereas a stripe is at 40 
least 100 pixels wide. One element of the invention 
is a mechanical scheme that allows high mechani- 
cal speed with acceptable power consumption and 
smooth operation. The other element is the writing 
of a large number of pixels spaced across the fast 45 
mechanical axis for each position along the guiding 
rail 16. It is the combination of these elements that 
gives the desirable characteristics of small foot- 
print, low power consumption, quiet operation and 
high writing speed. 50 

Figures 5a, 5b, 5c show the basic requitements 
for the stripe generation: Instead of a single focus 
spot 50 the optics generates an array of spots 51 
at the photosensitive surface, exposed simulta- 
neously, in sequence or a combination of both thus 55 
forming an extended focus area 52. Different spots 
50, 53 can be individually controlled. They can be 
distributed in a line, several lines or an array within 



the focus area 52, but they are spaced in the 
direction perpendicular to the direction of mechani- 
cal scan 54 caused by movement of the carriage 
14 along arrow 15 in Figure 2. Figure 5b shows 
how the mechanical scanning of the array 54 in 
Figure 5a forms a surface-filling pattern in a stripe 
55 corresponding to one of the stripes 7 in Figure 
2 during the scanning. The Figure 5b shows the 
pixels exposed at each of seven consecutive posi- 
tions along the mechanical scanning direction 54. 
In Figure 5c the focus spots are individually con- 
trolled to expose a pattern 56. 

It is necessary to find a way to generate a 
stripe which does not generate vibrations and 
which is compatible with a moving low-mass car- 
riage 14. One such vibration-free methods of stripe 
formation is acousto-optic subscanning, as dis- 
closed in US-PS 4,455,485. The acousto-optic sub- 
scanning can be performed by the stripe generat- 
ing optics 2 of the writing head. The beam makes a 
full acousto-optic scan afong the y axis for each 
position along x and 250 - 1000 are exposed se- 
quentially. The acousto-optical deflector is prefer- 
ably placed on the carriage 14 within the optic 2 
together with the final focussing optics 3 while the 
modulator may be a part of the optics 19*on the 
fixed support frame 18. Another appropriate writing 
optics is described in DE 40 22 732 A1 . 

Other methods for creating a stripe with com- 
pact non-moving components are discussed by 
David L. Hecht in "Multibeam Acoustooptic and 
Elektrooptic Modulators", Xerox Corporation, Palo 
Alto Research Center, pages 2 to 9. Several, such 
methods can be designated by the generic term 
spatial light modulator (SLM). An SLM is a light 
valve with many elements operated in parallel. The 
light transmission of each element can be con- 
trolled independently from other elements Exam- 
ples are arrays of LCD cells and the electrooptic 
device described in Reference 2. In the invention 
an SLM is illuminated by a laser beam and an 
image of the SLM is formed on the photosensitive 
surface. The SLM is preferably mounted on the 
carnage. 

A preferred embodiment of the invention is a 
writer for patterns up to 600 by 600 mm. The 
supporting frame 18 is formed by a granit block 
and has the measures 600 x 1200 x 150 mm. On it 
there is the stage 13 with the measures 620 x 620 
x 25 mm, weighing 25 kg. Over the stage 13 there 
is the guiding rail 16. 700 mm long with a hollow 
100 x 100 mm cross-section. The weight of the 
guide with supports is 10 kg and on it there is a 
100 mm long carriage 14 weighing 2 kg including 
the optical components 2, 3, 21. The carriage 
slides on stiff air-bearings 22 along the rail 16. In a 
recess in the rail there is a linear motor 23 driving 
the carriage 14 along the rail 16. 
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Compared to a conventional design the pre- 
ferred embodiments of the invention halves the 
floor-space requirement and reduces the moving 
masses by a factor of ten. In particular the fast 
scanning is done by the carriage weighing 2 kg 
compared to the stage top weighing 25 kg in the 
conventional design. 

The stage 13 is driven by a stepping motor 44 
through a ball-nut, so that the stage can be posi- 
tioned at a large number of discrete, but not nec- 
essarily accurate, positions along its movement 
range 9. No fine-positioning exists on the stage, but 
instead its actual position is measured and com- 
pensated for by mechanical and electronic servos. 

At each end support of the guiding rail 16 there 
is the piezoelectric actuator 46 displacing the rail 
16 in the y direction. The actuators 46 are driven 
by analog voltages from a control system including 
the interferometers 42, 43 and the feedback circuit 
34 sensing the position of the rail 16 relative to that 
of the stage 13 by interferometry. Together the two 
actuators 46 correct for the limited resolution in the 
stepping motor 44 and for non-straight travel of the 
stage 13. Each actuator 46 has the movement 
range. 100 urn and works on a maximum inertia! 
load of 7 kg and the response time is acceptable. 

The carriage 14 slides smoothly on the air 
bearings 22 along the guiding rail 16. It is driven by 
the linear electric motor 23 and except for electric 
cables and air supply tubes there is no physical 
contact between the rail 16 and the carriage 14. 
The only forces acting on it are from the contact- 
less motor 23 and from inertia. 

In order to compensate errors concerning the 
straightness of the guiding rail 16 a calibration is 
possible. After the machine is assembled one has 
to write a test plate and measure the writing errors. 
The errors are stored in a calibration file and fed to 
the control system as a compensation during sub- 
sequent writing. The same applies to the straight- 
ness of the edge of the stage 13 against which the- 
ruler 49 slides. 

The stripe 7 (Figure 2) or 55 (Figure 5b) is 
formed by acousto-optical scanning in the y direc- 
tion by an acousto-optical deflector in the stripe 
generating optics 2 mounted immediately above 
the focussing iens 3. The pixels are 1 x 1 urn und 
each stripe is 512 urn wide. The lens is an 
NA-0,14 flatfield-corrected lens with 12 mm focal- 
length. The pixel rate is 40 million pixels per sec- 
ond, and the scanning frequency of the deflector is 
50 kHz. The fine-positioning in the x direction is 
based on the timing of the start of each acousto- 
optical scan. The interferometer logic connected to 
the interferometer 32 issues a start-of-scan pulse 
when the focussing lens 3 is at the correct position. 
In the y direction the mechanical servos described 
above are supplemented by a data-delay feature 



which moves the data along the acousto-optical 
scan as described in DE 40 22 732 A1 . This is 
equivalent to an inertia-free feed-forward control 
system raising the bandwidth of the position control 

5 to above 100 Hz. 

Allowable angle deviations from stroke to 
stroke are only about 10 microradians, and there 
must not be any focus shift along the stroke. This 
is solved in the preferred embodiments in a num- 

70 ber of ways. First, the carrier runs on air bearings 
preloaded to high stiffness, so that the position of 
the carriage 14 relative to the guiding rail 16 is 
.well-defined and independent of external air pres- 
sure and temperature. A non-perfect guiding rail 

75 may give a writing error along the scan. However, 
this error can be measured during calibration, 
stored as a correction curve and fed to the position 
feed-back system for compensation during writing. 
To keep the focus constant one has to expand and 

20 collimate the laser beam 20 by beam-shaping op- 
tics 19 before it is launched. The beam is ex- 
panded to a 1/e 2 diameter of at least 2,0, preferred 
of 3,5 mm and calculations show the focus error 
over a scan to be less than 0,5 urn. 

25 A second practical problem is to make an auto- 

focus system that keeps the surface in focus dur- 
ing the stroke even on non-flat substrates. The 
useable focal depth is +/- 2,5 um and the thick- 
ness of the substrate can vary by 100 mm. Active 

30 power focus systems are known in prior art, but 
used in the invention they would add weight and 
possibly vibrations to the carriage. Instead a pas- 
sive autofocus by means of an air-cushion is used. 
The final lens is not fixed mounted in the carriage, 

35 but is free to slide up and down. Mounted at the 
lower end of the lens is the air-cushion, i.e. a flat 
surface under which compressed air is injected. 
The air flow between the lens and the substrate 
makes the lens float approximately 20 urn above 

40 the surface of the substrate. The height of the lens 
above the photosensitive surface is at all times 
constant and a perfect focus is maintained, even if 
the substrate is non-flat. The weight of the focus- 
sing lens is carried, not by the carriage, but by the 

45 substrate via the air-cushion under the lens. 

This invention is not limited to the preferred 
embodiments. In particular the use of multiple ele- 
ments such as multiple beams from a single laser, 
multiple lasers, multiple lenses on a single car- 

50 riage, multiple rails with multiple carriages on a 
single stage etc. are obvious ways of modifying the 
invention without changing the principle of function. 

Claims 

55 

1. A method for exposure of patterns described in 
one or several databases containing geometri- 
cal descriptions of said patterns by means of 
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writing with a focussed laser light onto sub- 
strates which are photosensitive at the 
wavelength of the laser light, 
comprising the steps of 

- moving the substrate during the writing 
procedure in a first direction (y) relative 
to a fixed frame, 

- continuously moving the optics focussing 
laser light on said photosensitive surface 
in a second direction (x) essentially per- 
pendicular to the first direction, 

- spreading the focussed laser light on the 
photosensitive surface in the first direc- 
tion (y) for forming an extended focus 
area, and 

- independently controlling the focussed 
laser light hitting more than 100 position 
increments spaced in the first direction 
(y) across the extended focus area. 

2. A method as set forth in claim 1, wherein 
collimating a beam from one or several lasers 
mounted on the fixed frame and launching said 
beam towards the moving optics in a direction 
parallel to the continuous movement. 

3. A method as set forth in any of claim 1 or 2, 
wherein the position of the substrate relative to 
the focussing lens is detected and corrections 
are applied by controlling means to the posi- 
tion of the written pattern relative to the fixed 
frame. 

4. A method as set forth in any of claims 1 to 3, 
wherein the position detecting of the substrate 
is done along at least one of the two directions 
(x, y) of movement. 

5. A method as set forth in claim 4, wherein the 
position detecting is performed by laser inter- 
ferometry. 

6. A method as set forth in claims 3 to 5, wherein 
the measurement and reference arms of at 
least one interferometer are of equal length 
when the lens is near the center of the sub- 
strate. 

7. A method as set forth in any of the claims 1 to 

6, wherein the measurement along the second 
direction (x) is done by laser interferometry 
against a mirror that is stationary in the first 
direction (y) and follows the movement of the 
substrate in the second direction <x). 

8. A method as set forth in any of the claims 1 to 

7, wherein data describing straightness errors 
of the substrate movement and/or focussing 



lens movement are generated during a calibra- 
tion and used for correction during the writing 
procedure. 

5 9. A method as set forth in any of the claims 1 to 

8, wherein the timing of the writing at each 
position increment along the second direction 
(x) is synchronized to the interferometer sig- 
nals. 

10 

10. A method as set forth in any of the claims 1 to 

9, wherein the writing of each position incre- 
ment is initiated by a synchronisation pulse 
generated by time interpolation of counting 

15 pulses derived from the interferometer signals. 

11. A method as set forth in any of the claims 1 to 

10, wherein the focussing lens is moved along 
the second direction (x) by a guiding rail and 

20 the substrate is moved along the first direction 

(y) by means of a stage. ^ 

12. A method as set forth in any of the claims 1 to 

1 1, wherein the position of the stage relative to 
25 the guiding rail is measured by laser inter- 

ferometry. . 

13. A method as set forth claim 12, wherein the . 
position of the stage relative to the guiding rail 

30 is measured by laser interferometry at two 

positions along the guiding rail. 

14. A method as set forth in any of the claims 3 to 
13, wherein the position corrections are ap- 

35 plied to controlling the positions of end sup- ^-r*" 

ports of the guiding rail. / i v *- 

15. A method as set forth in claim 14, wherein the 
position of the rail relative to the stage is 

40 measured near each end of the rail and the 

position of the same end is controlled by a 
feedback system. 

16. A method as set forth in any of the claims 3 to 
45 15, wherein the position corrections are ap- 
plied by means of piezoelectric actuators. 

17. A method as set forth in any of the claims 1 to 
16, wherein position errors in the y-direction 

50 are corrected by a real-time electronic dis- 

placement of the pattern data described in the 
one or several databases. 

18. A method as set forth in any of the claims 1 to 
55 17, wherein data describing shape errors of the 

guiding rail are generated during calibration 
and used for correction during writing. 
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19. A method as set forth in any of the claims 1 to 
18, wherein auxiliary correction data, describ- 
ing size and shape errors of the substrate 
and/or the exact position of the substrate on 
the stage, are used for correction during writ- 
ing. 

20. A method as set forth in claims 8, 18 or 19, 
wherein the correction data are generated by 
analysis of the reflection of the laser light. 

21. A method as set forth in any of the claims 2 to 
20, wherein the laser beam is expanded to a 
1/e 2 diameter larger than 2,0 mm before it is 
launched. 

22. A method as set forth in any of the claims 1 to 
21 , wherein the extended focus area is gen- 
erated by acousto-optic deflection in a direc- 
tion essentially parallel to the first movement 
direction (y). 

23. A method as set forth in any of the claims 1 to 
22, wherein the extended focus area is gen- 
erated as an image of a spatial light modulator 
illuminated by the laser beam. 

24. An apparatus for exposure of pattern, de- 
scribed in one or several databases containing 
geometrical data, by means of focussed laser 
light onto a substrate which are photosensitive 
to the wavelength of the laser light 
comprising 

- a fixed support frame (18); 

- a stage (13) carrying the substrate (10), 
said stage (13) being mechanically 
moveable in a first direction (y) on said 
fixed support frame (18); 

- a guiding rail (16) essentially fixed on 
said support frame (18); 

- a carriage (14) carrying focussing optics 
(3) is sliding in a continuous movement 
in a second direction (x) perpendicularly 
to the first direction (y) on said guiding 
rail (16); 

- one or several laser sources (17) and 
means (19) for launching a laser beam 
energy (20) towards the carriage (14) in a 
direction parallel to the second direction 
(x); 

- spreading means (2) for spreading the 
focussed laser light over an extended 
focus area (52) in the direction of the 
stage movement (first direction); and 

- controlling means for independently con- 
trolling the exposure at more than 100 
position increments spaced in the first 
direction over the extended focus area 



(52). 

25. An apparatus according to claim 24, wherein 
air bearings (22) are disposed between the 

5 carriage (14) and the guiding rail (16). 

26. An apparatus according to claim 23 or 24, 
wherein a linear electric motor (23) is provided 
for driving the carriage (14) along the guiding 

70 rail (16), 

27. An apparatus as set forth in any of the claims 
24 to 26 

further comprising 

75 a position feedback system consisting of 

- measuring means (40, 41, 42, 43) for 
measuring the lateral position of the 
stage (13) relative to the position of the 
focussing optics (3) and 

20 - controlling means for applying correction 

signals for controlling the position of the 
written pattern relative to the supporting 
frame (18). 

25 28. An apparatus as set forth in claim 27, wherein 
the feed-back correction signals are applied to 
correction means (46) at the end supports of 
the guiding rail (16). 

30 29. An apparatus as set forth in claim 28, wherein 
the correction means (46) are piezoelectric ac- 
tuators. 

30. An apparatus as set forth in any of the claims 
35 24 to 29, wherein at least two measuring 

means (42, 43) for measuring the position of 
the stage (13) relative to the guiding rail (16) at 
two positions along the guiding rail (16) are 
provided. 

40 

31. An apparatus as set forth in any of the claims 
24 to 30 with at least one additional measuring 
means (48, 49, 50) for measuring the position 
of the stage (13) relative to the focussing op- 

45 tics (3) using one mirror on the carriage and 

another mirror sensing the position of the edge 
of the stage by means of an air bearing (33). 

32. An apparatus as set forth in claim 24, wherein 
so an air cushion between the final lens and the 

surface of the substrate (10) is provided. 

33. An apparatus as set forth in any of the claims 
24 to 32 comprising expanding optics (19) 

55 mounted on the support frame (18) for expand- 

ing the laser beam to a 1/e 2 diameter larger 
than 2,0 mm. 
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34. An apparatus as set forth in any of the claims 
24 to 33, wherein the spreading means (2) are 
mounted on the carriage (14). 

35. An apparatus as set forth in any of the claims 5 
24 to 34, wherein the spreading means (2) is 

an acousto-optical deflector deflecting the 
beam in a direction essentially perpendicular 
to the guiding rail (16) or second direction (x). 



36. An apparatus as set forth in any of the claims 
24 to 33, wherein the spreading means (2) is a 
spatial light modulator and the extended focus 
area (52) is an image of the spatial light 



10 



modulator. 
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Fig. 3b 
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